I[NTRODUCTION]{.smallcaps} {#sec1-1}
==========================

Atherosclerosis is a common disease, rapidly increasing in its prevalence worldwide, and is associated with high morbidity and mortality. Abnormal intima-media thickness (IMT) which can be detected on ultrasound, is a reliable marker of carotid atherosclerosis, and is a predictor for future risk of cardiovascular and cerebrovascular diseases.\[[@ref1]\] Several researches have established an association of abnormal carotid IMT with vascular risk factors.\[[@ref1]\]

Current studies have suggested a link between serum 25-hydroxyvitamin D deficiency and increased carotid IMT in general population.\[[@ref2]\]

25-hydroxyvitamin D (cholecalciferol) is a fat-soluble vitamin belonging to the secosteroid group and is responsible for optimizing the intestinal absorption of calcium and phosphate and maintain the balance between the two.\[[@ref3]\] Vitamin D deficiency exists in epidemic proportion throughout India, and population-based studies have shown a prevalence of 40%--45% in the general population.\[[@ref3]\] We aim to investigate the effect of serum 25-hydroxyvitamin D levels on carotid IMT in Indian population as there are very few studies on this topic from the Indian subcontinent.

M[ATERIALS AND]{.smallcaps} M[ETHODS]{.smallcaps} {#sec1-2}
=================================================

This was a prospective cross-sectional study. We recruited 300 consecutive participants from Department of Neurology in Yashoda Hospital, Hyderabad, during the study period from January 2012 to December 2014 after taking written informed consent. Yashoda Hospital is a tertiary care medical center and a postgraduation teaching hospital in South India. This study was approved by the Institutional Ethics Committee.

Inclusion and exclusion criteria {#sec2-1}
--------------------------------

All participants with no present or past history of cardiovascular or cerebrovascular disease were included in the study. Participants with osteomalacia, bone pains, muscle weakness, Vitamin D deficiency or Vitamin D or calcium supplementation, and any other bone disease were excluded from the study.

All participants' data were collected through face-to-face interview and records of present and past medical history. All participants underwent testing for fasting blood sugar, lipid profile, serum calcium, serum alkaline phosphatase, serum phosphorous, C-reactive protein (CRP), serum 25-hydroxyvitamin D levels, and carotid Doppler assessment.

Hypertension was defined by Joint National Committee VI--VII guidelines, diabetes was diagnosed by criteria laid down by the World Health Organization, dyslipidemia as per the guidelines of the National Institutes of Health, USA, alcoholics were defined as those in whom the alcohol consumption was more than 50 g/day, and smokers were defined as those reporting daily smoking. Ex-smokers and occasional smokers were categorized as nonsmokers, and CRP positive ≥10 mg/L was considered positive.\[[@ref1][@ref4]\]

Estimation of 25-hydroxyvitamin D {#sec2-2}
---------------------------------

We used chemiluminescent microparticle immunoassay with automated instrument for estimation of 25-hydroxyvitamin D, and this instrument sensitivity and specificity were 53% and 90.5%, respectively. According to laboratory manual and current literature, serum 25-hydroxyvitamin D values ≤20 ng/mL were considered deficient and more than 20 ng/mL as normal.\[[@ref3][@ref4][@ref5]\]

Evaluation of carotid Doppler {#sec2-3}
-----------------------------

The ultrasonographic examination was performed by qualified radiologists. The sonographic machine used in this study was a high-resolution duplex ultrasound system, Philips HD11XE duplex, and B-mode scan was performed with a probe at scanner frequency of 3--12 MHz. The examination was done over 2 cm of common carotid artery (CCA) and the carotid artery bulb. IMT on mid-CCA was measured in all participants. The thickness of IMT ≤0.07 cm was normal \[[Figure 1](#F1){ref-type="fig"}\] and ≥0.08 cm was considered abnormal \[[Figure 2](#F2){ref-type="fig"}\].\[[@ref1][@ref6]\]

![Normal carotid intima-media thickness](AIAN-20-242-g001){#F1}

![Abnormal carotid intima-media thickness](AIAN-20-242-g002){#F2}

Statistical analysis {#sec2-4}
--------------------

Statistical analysis was performed using SPSS Version 14.0 (Statistical Package for the Social Sciences (SPSS) SPSS Inc Chicago city Illinois state USA). Titers of mean ± standard deviations were used to describe continuous variable. Differences in continuous variables were assessed using Student\'s *t*-test and Chi-square test was used to evaluate the association in proportions. We calculated the odds ratio (OR) and the resulting 95% confidence interval (CI) for the effect of various risk factors on IMT. We performed multiple logistic regression analysis for association between carotid IMT and various risk factors (CRP, serum 25-hydroxyvitamin D, hypertension, diabetic, smoking, and alcoholics). All tests were two sided and *P* \< 0.05 was considered statistically significant.

R[ESULTS]{.smallcaps} {#sec1-3}
=====================

Out of 372 participants screened, 300 participants were included in the study \[[Figure 3](#F3){ref-type="fig"}\]. Among 300 participants, 190 (63.3%) were men and mean age was 51.9 ± 7.7 years (age range 35--64 years). Among the risk factors, participants with hypertension were 105 (35%), diabetes 79 (26.3%), smoking 63 (21%), alcoholism 56 (18.6%), obesity 20 (6.6%), and dyslipidemia 81 (27%).

![Flowchart](AIAN-20-242-g003){#F3}

Abnormal carotid IMT was noted in 121 (40.3%) and serum 25-hydroxyvitamin D deficiency in 119 (39.6%) participants. CRP was positive in 120 (40%), mean serum calcium, phosphorus, and alkaline phosphatase were 9.2 ± 2.3 mg/dl, 4.4 ± 1.2 mg/dl, and 93.9 ± 14.9 IU/L, respectively.

We dichotomized the study population into abnormal IMT and normal IMT.

On comparing the two groups, older age (mean 55.4 ± 6.3 \[*P* \< 0.0001\]), higher prevalence of diabetes 42 (34.7%) (*P* = 0.01), smoking 35 (28.9%) (*P* = 0.008), dyslipidemia 48 (39.6%) (*P* = 0.0001), serum 25-hydroxyvitamin D deficiency 63 (52%) (*P* = 0.007), and CRP positivity 65 (45.4%) (*P* = 0.0001) along with elevated mean alkaline phosphatase (101.4 ± 16.4 μ/L \[*P* \< 0.0001\]), lower mean serum calcium (8.6 ± 2.1 mg/dL \[*P* \< 0.0001\]), and lower mean serum phosphorous levels (4.2 ± 1.1 mg/dL \[*P* = 0.02\]) were found in abnormal IMT group compared to normal IMT group and were statistically significant \[[Table 1](#T1){ref-type="table"}\].

###### 

Comparison between abnormal intima-media thickness and normal intima-media thickness with various risk factors

![](AIAN-20-242-g004)

After multivariate analysis using multiple logistic regression analysis, serum 25-hydroxyvitamin D deficiency (OR: 2.14; 95% CI: 1.29--3.55), diabetes (OR: 1.84; 95% CI: 1.05--3.21), smoking (OR: 2.09; 95% CI: 1.16--3.77), dyslipidemia (OR: 2.53; 95% CI: 1.46--4.40), and CRP positivity (OR: 2.27; 95% CI: 1.37--3.76) were independently associated with abnormal IMT \[[Table 2](#T2){ref-type="table"}\].
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Univariate and multivariate analysis
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D[ISCUSSION]{.smallcaps} {#sec1-4}
========================

In the present study on India population, we found a significant association of serum 25-hydroxyvitamin D deficiency with abnormal IMT, and similar findings were advocated by studies from various countries,\[[@ref2][@ref7][@ref8][@ref9][@ref10][@ref11][@ref12][@ref13][@ref14]\] Carrelli *et al*.\[[@ref2]\] and Reis *et al*.\[[@ref7]\] from America, Richart *et al*. from Belgium,\[[@ref8]\] Pacific *et al*. from Italy (children and adolescents),\[[@ref9]\] Lim *et al*. from Korea,\[[@ref10]\] Zang *et al*.\[[@ref11]\] and Ma\[[@ref12]\] *et al*. from China, Oz *et al*. from Turkey,\[[@ref13]\] and Sypniewska *et al*. from Poland.\[[@ref14]\]

The mechanism by which deficiency of Vitamin D is associated with atherosclerosis is not fully understood. Vitamin D receptors are not exclusively detected in the bone and mineral pathway but are ubiquitous and have a wide tissue distribution including vascular smooth muscle cells and vascular endothelial cells. The diverse physiological actions of Vitamin D on the vascular wall include reduction of smooth muscle cell proliferation, reduction of macrophage secretion of pro-inflammatory cytokines interleukin (IL)-6 and tumor necrosis factor-a, and increased secretion of the anti-inflammatory cytokine IL-10 and thus reduces the state of vascular inflammation.\[[@ref15]\] In addition, peripheral lymphocytes also express receptors for Vitamin D and convert circulating 25-hydroxyvitamin D to 1,25-dihydroxyvitamin D which further reduces the proliferation of lymphocytes. This anti-inflammatory effect may have a protective role as there is increasing evidence that systemic inflammation leads to atherosclerosis.\[[@ref3]\]

Li *et al*.\[[@ref16]\] observed an effect of Vitamin D on blood pressure regulation caused by suppressing the renin-angiotensin system. Aihara *et al*.\[[@ref17]\] demonstrated that Vitamin D inhibited thrombosis and reduced arterial calcification. Juonala *et al*. observed that presence of low levels of 25-hydroxyvitamin D in childhood translated to a high risk of developing abnormal carotid IMT in adulthood even after adjustment for several potential confounding factors.\[[@ref18]\]

Our study establishes an independent association of deficiency of 25-hydroxyvitamin D abnormal carotid IMT (OR: 2.14; 95% CI: 1.29--3.55) as advocated by others.\[[@ref12]\] However, some studies have found no association between carotid IMT and serum 25-hydroxyvitamin D deficiency.\[[@ref19][@ref20]\]

In the present study, prevalence of hypertension was higher among participants with abnormal IMT (50 \[42.1%\]) compared to normal IMT (55 \[30.7%\]) with a trend toward significance (*P* = 0.07). Hypertension is a risk factor for atherosclerosis, and recent studies have found independent association of hypertension with abnormal IMT.\[[@ref1]\] In our study, however, on multivariate analysis, we did not find a statistically significant association of hypertension with abnormal IMT (OR: 1.01; 95% CI: 0.07--1.52). This may be due to the fact that duration of hypertension, early detection, and adequacy of treatment of hypertension, the antihypertensive drug used can modify its effect on atherosclerosis.\[[@ref21]\]

Diabetes is a major risk factor for atherosclerosis.\[[@ref22]\] In our study, we found diabetes to be significantly associated with abnormal IMT (prevalence of 42 \[34.7%\] in abnormal IMT group compared to 37 \[20.6%\] in participants with normal IMT), and these findings were supported by others.\[[@ref1]\]

Diabetes may accelerate atherosclerosis by a myriad of pathways. Hyperglycemia can cause a reduction in nitric oxide by increasing its consumption by an increase in reactive oxygen species. Reduction in nitric oxide can cause endothelial dysfunction. Advanced glycation end products can cause activation of pro-inflammatory cytokines and promote atherogenesis. Low-density lipoprotein (LDL) is prone to glycation which may induce antibodies which are proinflammatory. The role of infections may be emphasized by diabetes. Further, both diabetes and atherosclerosis may have a common inflammatory pathway.\[[@ref23]\]

In our study, we established diabetes as an independent risk factor associated with abnormal IMT (OR: 1.84; 95% CI: 1.05--3.21). Similar findings were described recently by Kaul *et al*.\[[@ref1]\]

Several epidemiological studies have noted a strong relationship between cigarette smoking and atherosclerosis.\[[@ref24]\] We also observed a significantly higher percentage of smokers among the abnormal IMT group (35 \[28.9%\]) compared to normal IMT (28 \[15.6%\]); these findings were supported by others.\[[@ref24][@ref25]\] Howard *et al*. noted that even past smokers had increased atherosclerosis compared to nonsmokers.\[[@ref26]\] Schott *et al*. found in his study that smoking was associated with increased IMT in carotid bulb only.\[[@ref27]\] Johnson *et al*. observed a higher risk of atherosclerosis among female smokers compared to male smokers.\[[@ref24]\] In our study, none of the women smoked.

Various epidemiological studies as well as animal experiments have shown that both active smoking and passive exposure to smoke can cause vasomotor dysfunction, atherogenesis, and vascular thrombosis.\[[@ref1]\] Even though a complete pathophysiological pathway remains elusive, the effect of smoking on atherosclerosis seems to be through free radical-mediated oxidative stress.\[[@ref28]\] These free radicals may be generated directly from cigarette smoke and indirectly from endogenous sources as well.\[[@ref29]\]

In our study, we found smoking as an independent risk factor for increasing IMT (OR: 2.09; 95% CI: 1.16--3.77), and our findings are advocated by others.\[[@ref1][@ref30]\]

In the current study, we found no relationship between alcohol consumption and abnormal carotid IMT in men, our finding advocated by others.\[[@ref1][@ref31]\] However, some studies have found an association between consumption of alcohol and abnormal carotid IMT in healthy participants.\[[@ref32]\]

In the present study, dyslipidemia was significantly higher in participants with abnormal IMT compared to normal IMT (*P* \< 0.0001), our findings were accounted by other studies.\[[@ref33]\] Dyslipidemia is probably the most important risk factor predisposing to atherosclerosis. Elevated levels of LDL, triglycerides, and free fatty acids as well as reduced high-density lipoprotein can tip the balance toward endothelial dysfunction by increasing oxidative stress and stimulating inflammation and thrombosis.\[[@ref23]\] In our study, we established dyslipidemia to be independently associated with abnormal IMT (OR: 2.53; 95% CI: 1.46--4.40), similar to other studies.\[[@ref1]\]

In the present study, we found a significant association between CRP positivity and abnormal carotid IMT, as advocated by others.\[[@ref34]\] Suh *et al*. established in his study a gender predisposition and found that elevated CRP was significantly associated with abnormal carotid IMT levels in women but not in men.\[[@ref35]\]

CRP, a marker of inflammation, is associated with atherosclerosis.\[[@ref33]\] However, it is still not very clear how CRP contributes to the genesis of cardiovascular and cerebrovascular diseases. CRP may exacerbate atherogenesis by its interactions with immunological and inflammatory factors, for example, the complement system and may also have a direct effect on the cells associated with atherosclerotic lesions.\[[@ref35]\]

In the present study, we established positive CRP as an independent risk factor for abnormal carotid IMT (OR: 2.27; 95% CI: 1.37--3.76) and our finding was advocated by previous studies.\[[@ref36]\] However, some studies have found no relationship between positive CRP and carotid IMT.\[[@ref37]\]

There is a growing evidence that 25-hydroxyitamin D deficiency is associated with other risk factors predisposing to atherosclerosis such as diabetes, dyslipidemia, and inflammation.\[[@ref4][@ref5][@ref8]\] In this study, we have demonstrated an independent association of Vitamin D deficiency on atherosclerosis. Thus, the impact of Vitamin D deficiency on atherosclerosis is a compound activity of its independent association as well as its effect on various risk factors making it a formidable risk factor.

Strengths and limitations {#sec2-5}
-------------------------

In this study, we recruited 300 participants from a single center have used a single laboratory for analysis of serum 25-hydroxyvitamin D levels, and the Doppler evaluation of carotid arteries in all participants were done by one qualified radiologist -- thus effectively preventing bias from inter-rater variability. The age range was wide and included participants from 35 to 62 years. However, the main drawbacks of the study were that we did not further analyze the carotid plaque measurements and characteristics including carotid stiffness markers, and we did not assess the impact of seasonal variations, medications, socioeconomic status or the diet, and their effect on serum-25-hydroxyvitamin D levels. We used chemiluminescent microparticle immunoassay for Vitamin D estimation, and reports have suggested that it may underestimate levels in comparison to high-pressure liquid chromatography--tandem mass spectrometry which is not feasible in our setup.

C[ONCLUSION]{.smallcaps} {#sec1-5}
========================

In the present study, we established an independent association of deficiency of 25-hydroxyvitamin D with abnormal IMT in Indian population. Our findings suggest that individuals with deficiency of 25-hydroxyvitamin D have a risk of developing cardiovascular and cerebrovascular disease. Although this study does not address the impact of treatment, there is a possibility that improving Vitamin D status might be a potential public health strategy to reduce atherosclerosis. Further large-scale, multicentric studies are required to confirm these findings.
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